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© Gas phase catalytic process for production of vinylidene fluoride. 

© Vinylidene fluoride is produced from the cata- 
lytic, gas phase reaction of hydrogen fluoride and at 
least one halohydrocarbon of the formula CH n CX m 
wherein n and m are 2 or 3 and each X is indepen- 
dently selected from the group of fluorine, chlorine, 
bromine and iodine, provided each X is not simulta- 
neously fluorine. 1,1,1-Trifluoroethane, added to the 
vapor phase reaction mixture as a diluent, improves 
the performance of the fluorination catalyst, increas- 
ing selectivity for the desired product, vinylidene 
fluoride. 
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GAS PHASE CATALYTIC PROCESS FOR PRODUCTION OF VINYLIDENE FLUORIDE 



Field Of The Invention 



The invention relates to the production of 
vinylidene fluoride. More particularly, the invention 
relates to a gas phase catalytic process for the 
hydrofluorination of 1 ,1 ,1-trichloroethane and/or 
vinylidene chloride to produce vinylidene fluoride. 



vapor phase in the reaction zone in the presence of 
a heterogeneous fluorination catalyst. A product 
mixture comprising vinylidene fluoride and 1,1,1- 
trifluoroethane is continuously withdrawn from the 
reaction zone, and at least a portion of the 1,1,1- 
trifluoroethane is recycled back to the reaction 
zone. 



Background Of The Invention 
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Detailed Description of the Invention 



1 ,1 ,1 -Trifluoroethane is a waste by-product. It 
may be recovered and dehydrofluorinated to form 15 
vinylidene fluoride. See Japanese Published Patent 
Application 54/130507. Alternatively, the 1,1,1- 
trifluoroethane is incinerated. 

While the de hydrofluorination of 1,1,1- 
trifluoroethane to generate vinylidene fluoride is 20 
feasible, other uses of 1 ,1,1 -trifluoroethane are 
sought. 

It has not been heretofore recognized that 
hydrofluorocarbons may be utilized as diluents and 
catalyst activators to improve the performance of 25 
gas phase fluorination catalysts, in particular cata- 
lysts utilized in the hydrofluorination of 1,1 ,1-trich- 
loroethane or vinylidene chloride. 



Summary of The Invention 



30 



A process for producing vinylidene fluoride is 
provided. A vapor phase reaction mixture is formed 35 
comprising hydrogen fluoride and at least one 
halohydrocarbon of the formula CH n CX m wherein n 
and m are 2 or 3 and each X is independently 
selected from the group of fluorine, chlorine, bro- 
mine and iodine. 1,1,1 -Trifluoroethane is added to 40 
the vapor phase mixture as a diluent, and hydrogen 
fluoride and the halohydrocarbon react in the pres- 
ence of a heterogeneous fluorination catalyst. 
Vinylidene fluoride is obtained as a reaction prod- 
uct. Preferably, the 1,1,1 -trifluoroethane added to 45 
the reaction mixture comprises a hydrofluorination 
reaction by-product which is separated from 
vinylidene fluoride and recycled back to the reac- 
tion mixture. 

According to one embodiment of the invention, 50 
a continuous process for the production of • 
vinylidene fluoride is provided. At least one 
halohydrocarbon as defined above is continuously 
fed to a reaction zone. Hydrogen fluoride and the 
halohydrocarbon are continuously reacted in the 



We have found that 1 ,1,1 -trifluoroethane, here- 
tofore regarded as a waste by-product in the gas 
phase catalytic hydrofluorination of CH n CX m 
halohydrocarbons, may be utilized as a diluent and 
catalyst activator to improve the selectively for the 
desired product, vinylidene fluoride, in the 
hydrofluorination reaction. Thus, it is believed that 
the addition of 1 ,1 ,1 -trifluoroethane back to the 
reaction mixture improves the performance of the 
heterogeneous hydrofluorination catalyst. Accord- 
ing to the present invention, the selectively for 
vinylidene fluoride may be increased by 10-15%, 
depending on the operating conditions. 

Generally, hydrogen fluoride and the CH n CX m 
halohydrocarbon are fed to the reaction zone at a 
molar ratio of from about 0:1 to about 10:1, prefer- 
ably from about 1:1 to about 4:1. The feed of 
hydrogen fluoride may be reduced to zero in some 
circumstances by virtue of the in situ generation of 
hydrogen fluoride by the dehydrofluorination of 
1,1,1 -trifluoroethane, which proceeds simultaneous- 
ly with the hydrofluorination of the CH n CX m 
halohydrocarbon. The reactants are combined in a 
reaction zone in the gaseous state. The reaction 
zone may comprise any of the known reactor ves- 
sels suitable for gas phase hydrofluorination. Such 
devices are well known to those skilled in the art. 

The process may be operated at any tempera- 
ture favoring the conversion of the halohydrocarbon 
to vinylidene fluoride. Generally, the process is 
operated at a temperature of from about 400 * C to 
about 650 ° C, preferably from about 550 °C to 
about 625° C. The pressure is not critical, provided 
it is not so great that the reactants would be 
liquified at the reaction temperature. 

The residence time of the reaction mixture in 
the reaction zone at the reaction temperature may 
be selected in accordance with the desired extent 
of conversion of halohydrocarbon to vinylidene flu- 
oride. Typically, the reactants are in contact in the 
reaction zone for a period of time from about 1 
second to about 20 seconds, preferably from about 
5 to about 20 seconds. 
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The feed may comprise any saturated or 
olefinic halohydrocarbon wherein all of the hydro- 
gen atoms are substituted onto one carbon, and all 
of the halogen atoms are substituted onto the other 
carbon. Preferably, the halohydrocarbon comprises 
vinylidene chloride and/or 1 ,1,1-trichloroethane. Ad- 
ditional halohydrocarbon compounds readily cata- 
lytically hydrofluorinated to vinylidene fluoride in- 
clude, for example, 1-chloroethylene, 1,2,2-trich- 
loroethylene, tetrachloroethylene, 1-chloro-1- 
fluoroethylene, 1 ,1-dichloro-1-fluoroethane, 1- 
chloro-1,1-difluoroethane, and the like. 1-Chloro-1- 
fluoroethylene, 1,l-dichloro-1-fluoroethane and 1- 
chloro-1 ,1-difluoroethane may be generated as in- 
termediates in the hydrofluorination of 1,1,1-trich- 
loroethane or vinylidene chloride. 

The reaction is generally carried out in the 
presence of a suitable heterogeneous catalyst. The 
catalyst advantageously comprises a metal fluoride, 
for example, AIF 3 , CrF 3 . FeF 3 , SbSs, NiF 2 , BF 3 , 
SnF 4l and combinations thereof. Other suitable 
catalysts for use in the process include metal ox- 
ides or metal chlorides which are converted to the 
corresponding metal fluorides upon activation with 
hydrogen fluoride. Thus, included in the catalysts 
which may be used in the herein process are 
compounds which may be converted to metal 
fluorides at the herein described reaction condi- 
tions. Such catalysts include, by way of example, 
and not by limitation, FeCI 3 , Fe 2 03. CoCl 2 , CoO, 
CrCb, Cr 2 03, and the like. The catalyst may be 
used directly, or may be carried on an appropriate 
catalyst support, such as -y-aluminum oxide. Such 
supported catalysts may be employed, for exam- 
ple, in the form of pellets or granules. 

While the ratio of hydrogen fluoride to CH n CX m 
halohydrocarbon advantageously fed to the reac- 
tion zone is from about 1:1 to about 10:1, the 
amount of hydrogen fluoride delivered to the reac- 
tion zone may, in some circumstances, be satisfac- 
torily reduced to zero, as sufficient hydrogen flu- 
oride may be generated to sustain the 
hydrofluorination of the halohydrocarbon feed by 
the simultaneous dehydrofluorination of 1,1,1- 
trifluoroethane. The amount of hydrogen fluoride 
required to sustain the production of vinylidene 
fluoride at satisfactory levels should therefore nec- 
essarily take into account the amount of hydrogen 
fluoride generated in situ as a dehydrofluorination 
product. For example, two moles of 1,1,1- 
trifluoroethane will generate sufficient hydrogen flu- 
oride to convert one mole of vinylidene chloride to 
vinylidene fluoride. In some circumstances, suffi- 
cient 1,1,1-trifluoroethane may be supplied to the 
reaction zone from an independent source such 
that the hydrogen fluoride requirement for sustain- 
ing the hydrofluorination reaction may be satisfied 
by the hydrogen fluoride formed in situ by the 



dehydrofluorination of 1,1,1-trifluoroethane. In such 
circumstances a separate hydrogen fluoride feed in 
unnecessary. On the other hand, if the 1,1,1- 
trifluoroethane introduced into the reaction zone is 

5 not sourced from outside the reaction system, but 
rather merely comprises a 1,1,1-trifluoroethane re- 
cycle feed, hydrogen fluoride from an independent 
source must be supplied to sustain the 
hydrofluorination reaction for extended periods. 

70 An oxidizing agent may optionally be intro- 

duced into the reaction zone to insure that the 
catalyst remains free of carbonaceous deposits or 
"coke". Thus, an oxidizing gas may be introduced 
into the reactor to accelerate the combustion of any 

75 carbonaceous deposits which may accumulate on 
the catalyst surface as a result of the burning of 
organic reactants. Such oxidizing gases may in- 
clude, for example, 0 2 and/or C0 2 . The oxidizing 
gas is advantageously combined with the feed 

20 halohydrocarbon as it is fed to the reaction zone. 
Where 0 2 is used as the oxidizing agent, the ratio 
of 0 2 to the halohydrocarbon may vary from about 
0 to about 20 mol%, preferably from about 5 to 
about 10 mold. Where C0 2 is used as the oxidizing 

25 gas, the ratio of CO2 to halohydrocarbon may vary 
from about 0 to about 200 mol%, preferably from 
about 50 to about 100 mol%. 

The process of the invention may be carried 
out as a batch, semi-continuous, or continuous 

30 process. Preferably, the process is conducted in a 
continuous fashion comprising continuously feeding 
hydrogen fluoride and the halohydrocarbon to the 
reaction zone to form a vapor phase reaction mix- 
ture thereof. Hydrogen fluoride and the 

35 halohydrocarbon are continuously reacted in the 
presence of the heterogeneous catalyst. A product 
mixture comprising vinylidene fluoride and 1,1,1- 
trifluoroethane is contin uously withdrawn from the 
reaction zone. After separation of vinylidene flu- 

40 oride, at least a portion of the 1,1,1-trifluoroethane 
is recycled back to the reaction zone. 

Any amount of 1,1,1-trifluoroethane may be 
recycled back to the reaction mixture. Preferably, 
substantially all the 1,1,1-trifluoroethane by-product 

45 of the gas phase hydrofluorination reaction is re- 
cycled back to the reaction zone, to maximize 
efficiency. When 1,1,1-trifluoroethane from an in- 
dependent source is utilized, the amount added to 
the reaction mixture may vary considerably. Even 

50 the smallest amount will provide a benefit. Amounts 
of 1,1,1-trifluoroethane in excess of 70 mol%, 
based on the combined amount of hydrogen flu- 
oride and the feed halohydrocarbon, are generally 
not preferred since the other components of the 

55 reaction mixture may begin to become too dilute. 

In a typical continuous op ration, hydrogen flu- 
oride and the feed halohydrocarbon are passed 
through a tubular reactor loaded with a hydrogen 
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fluoride-activated catalyst. The reaction products, 
being predominantly a mixture of vinylidene flu- 
oride and 1,1,1-trifluoroethane, are continuously re- 
moved from the reactor as gas phase products, 
and passed to a suitable scrubbing tower for re- 
moval of HCi and HF by the action of a countercur- 
rent alkaline stream. The alkaline stream may com- 
prise, for example, 16% potassium hydroxide solu- 
tion. Other agueous hydroxides such as sodium 
hydroxide or calcium hydroxide may be advanta- 
geously utilized. The scrubbed product is then 
passed to a drying tower which is packed with a 
suitable drying agent, e.g. anhydrous calcium sul- 
fate. 

Vinylidene fluoride is readily separated from 
the other components of the reactor effluent gas by 
conventional techniques such as distillation, and 
the like, preferably after removal of hydrogen flu- 
oride and hydrogen chloride. The effluent gas, 
comprising predominantly vinylidene fluoride and 
1,1,1-trifluoroethane, the feed halohydrocarbon, mi- 
nor amounts of intermediates such as 
chlorofluoroethyiene, 1,1-dichloro-1-fluoroethane, 1- 
chloro-1,1-difluoroethane, and the like, and also the 
oxidizing gas, is subjected to a separation process 
which preferentially separates vinylidene fluoride. 
Separation is most advantageously achieved by 
distilling vinylidene fluoride, which has a boiling 
point of -86 ° C, from the product mixture. 

Separation of vinylidene fluoride may be ac- 
complished in a conventional distillation column 
which is operated, for example, at a temperature 
and pressure at the column top of about -4 * C and 
285 PSIG, respectively, and a bottom temperature 
and pressure of about 38° C and 280 PSIG, re- 
spectively. Under these conditions, vinylidene flu- 
oride is readily separated from 1,1,1-trifluoroethane, 
which has a boiling point of -48* C, and from the 
various feed halohydrocarbons and reaction inter- 
mediates, which boil at temperatures substantially 
higher than the -86 *C boiling point of vinylidene 
fluoride. At least a portion of the distillation bottom 
product, which comprises 1,1,1-trifluoroethane, the 
feed halohydrocarbon and hydrofluorination inter- 
mediates, is advantageously recycled to the reac- 
tion mixture. While the oxidizing gas is taken over- 
head with the vinylidene fluoride, the two may be 
thereafter separated by simple distillation. 

The materials of construction of the reactor for 
use in the present process should possess the 
necessary structural and physical characteristics to 
withstand the reaction conditions. 

The present invention is" illustrated in more 
detail by reference to the following non-limiting 
examples. 



Comparative Example 1 



A 7.5 wt.% FeF3/AIF3 catalyst was prepared as 
follows and utilized for the conversion of vinylidene 

5 chloride to vinylidene fluoride. 

Alumina (200 g, 1.96 mol) was added portion- 
wise to a magnetically-stirred solution of 52% by 
weight of aqueous HF (500 ml, 15 mol). Addition of 
alumina was controlled to keep the temperature of 

10 the reaction mixture between 40° and 45° C. The 
addition took seven hours. The resulting milky sus- 
pension was left at room temperature overnight. 
Upon standing, a fine powder (presumably 
AIF 3 .9H 2 0) precipitated. A solution of 37.5 g FeCl 3 

75 (0.23 mol) in 20 ml H 2 0 was added gradually to 
the mechanically-stirred aqueous AIF 3 , mixture. 
The solution turned a light violet color. The stirring 
was continued for four hours and the mixture was 
left to settle at room temperature overnight. The 

20 product precipitate was filtered and washed with 
acetone several times until the filtrate was acid 
free. The solid obtained was dried in air at room 
temperature and was heated at 100° C for 2 hours, 
150° C for 2 hours and finally at 175*C for 16 

25 hours. The resulting FeF 3 /AlF 3 (7.5 wt.% 
FeF 3 /AlF 3 ) catalyst was ground using a mortar and 
pestle, and was sieved. The 60 to 100 mesh par- 
ticles were collected and used to fill a nickel, fixed 
bed tubular reactor (1 inch outside diameter x 12 

30 inches). The bed was heated using a single zone 
furnace. The catalyst was gradually heated to 
650° C at the rate of 100° C per hour, using air fed 
to the reactor at the rate of 20 cm 3 /min. The 
catalyst was maintained at this temperature and air 

35 flow for two and one half days. The temperature of 
the reactor was then lowered to 550" C, and hy- 
drogen fluoride at the rate of 0.03 g/min. and N2 at 
the rate of 20 ml/min. were passed over the cata- 
lyst for 18 hours. The temperature was raised to 

40 650° C and a mixture of 15 mol% vinylidene chlo- 
ride. 54 mol% hydrogen fluoride, 1 mol% O2 and 
30 mol% N2 were fed to the reactor through valves 
located at the reactor top. The product was with- 
drawn, and after scrubbing HCI and excess HF with 

45 a 16% KOH solution, the scrubbed product was 
dried with anhydrous CaSCU. Analysis of the prod- 
uct by gas chromatography indicated a 34 mol% 
conversion of vinylidene chloride. Selectivity for 
vinylidene fluoride was 15 mol%. 

50 

Example 1 



55 The procedure of Comparative Example 1 was 

repeated, except that the N 2 was replaced with a 
like amount of 1,1,1-trifluoroethane. Conversion of 
vinylidene chloride increased to 100 mol%. Selec- 
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tivity for vinylidene fluoride was calculated as net 
vinylidene fluoride selectivity, by subtracting from 
the product the amount of 1 ,1,1-trifluoroethane 
which was added in the reactor feed. The net 
vinylidene fluoride selectivity was 23 mol%. The 5 
balance of the product distribution was as follows: 
1 ,1,1-trifluoroethane, 73 mol%; 1 ,1-difluoro-1- 
chloroethane, 3 mol%; and 1-chloro-1- 
fluoroethylene, 1 mol%. 

It is apparent from a study of Comparative io 
Example 1 and Example 1 that fluorination of 
vinylidene chloride increased from 32 mol% to 91 
mol%, upon substitution of 1 ,1 ,1 -trif luoroethane for 
the diluent (100% fluorination being defined as 
complete conversion of vinylidene chloride to 1 ,1 ,1- 75 
trifluoroethane). 

The mass balance in the reactor was computed 
by dividing the measured flow rate of material from 
the reactor by the measured flow rate of material 
into the reactor. The mass balance for Comparative 20 
Example 1, using N 2 is the diluent, was 87%. 
Substituting 1,1 ,1 -trifluoroethane as the diluent in 
Example 1 resulted in a mass balance of 95%. 
This means that the amount of product lost as coke 
on the catalyst was reduced from 13% to 5%, 25 
when 1,1,t-trifluoroethane was substituted for N 2 as 
the reaction diluent. 



Example 2 



Comparative Example 2 is repeated except that 
the hydrogen fluoride feed was reduced, and 1,1.1- 
trifluoroethane was added to the reaction mixture 
as a diluent The composition of the feed was as 
follows: 12 mol% 1,1,1-trichloroethane; 49 mol% 
HF; 3 mol% 0 2 ; 10 mol% N 2 ; 4 mol% BF 3 ; and 22 
mof% 1,1,1 -trifluoroethane. The conversion of 
1 ,1,1-trifluoroethane achieved was 99 mol%. The 
net selectivity for vinylidene fluoride was 23 mol%, 
with the remaining product distribution comprising 
20 mol% vinylidene chloride, 4 mol% 1-chloro-1- 
fluoroethylene, 50 mol% 1,1 ,1 -trifluoroethane, 1 
mol% 1-chloro-1,1-difluoroethane, and 2 mol% 1.1- 
dichloro-1 -fluoroethane. 

From a consideration of Example 2 and Com- 
parative Example 2, it may be appreciated that 
upon addition of 1 ,1,1-trifluoroethane as a reaction 
diluent, total fluorination of 1,1,1-trichloroethane in- 
creased from 47 mol% to 67 mol%, despite the 
fact that the hydrogen fluoride/1, 1,1-trichloroethane 
molar ratio was decreased from 7.7:1 to 4.1:1. The 
calculated loss of product as catalyst coke de- 
creased from 90% to 49%. 



Comparative Example 2 



A 6.4 wt.% NiCl 2 /AIF 3 catalyst was prepared as 
follows and utilized in the conversion of vinylidene 
chloride to vinylidene fluoride. 

NiCI 2 (29.94 grams in 150 ml of water was 
added to precipitated AIF 3 from agueous hydrogen 
fluoride (as described in Comparative Example 1). 
After drying and sieving the catalyst, 20 grams of 
the 60-100 mesh size particles were loaded into 
the same reactor as used in Comparative Example 
1. The catalyst was air activated for two days at 
650 " C, using air fed to the reactor at the rate of 20 
cm 3 /min. The catalyst was then activated by hy- 
drogen fluoride fed at the rate of 0.03 g/min. for 18 
hours at 550 °C. A mixture of 1,1,1-trichloroethane, 
(10 mol%), HF (77 mol%), 0 2 (2 mol%), N 2 (8 
mol%) and BF 3 (3 mol%) was fed from the top of 
the reactor at 550 *C. After removing HF and HCI, 
and drying the product as previously described in 
Comparative Example 1, analysis of the product 
gas by gas chromatography indicated 96 mol% 
conversion of 1,1,1-trichloroethane, with the follow- 
ing product distribution: 7 mol% vinylid ne fluoride; 
34 mol% vinylidene chloride; 17 mol% 1-chloro-1- 
fluoroethylene; 34 mol% 1 ,1 ,1 -trifluoroethane; 4 
mol% 1-chioro-1,1-difluoroethane; and 4 mol% 1- 
f luoro-1 ,1 -dichloroethane. 



Comparative Example 3 

30 

A catalyst comprising 3.35 wt.% SbF 5 and 6.1 
wt.% NiF2/AIF 3 was prepared as follows and uti- 
lized in the conversion of vinylidene chloride to 
35 vinylidene fluoride. 

A solution of NiCI 2 (29.94 g, 0.23 mol) in 50 ml 
of water was added to AIF 3 precipitated from 
A1203 (200 g) and hydrogen fluoride (500 ml, 
50%) according to Comparative Example 1. The 
40 NiCI 2 solution was added to the AIF 3 with continu- 
ous stirring. SbCIs (22.4 g, 0.075 mol) was added 
portionwise over a three hour period. The resulting 
mixture was left standing overnight to precipitate. 
The mixture was filtered and acetone-washed. The 
45 filter cake was collected, air dried, then heated in 
an oven at 100*C for 2 hours, at 150°C for 2 
hours and finally at 175° C for 18 hours. The result- 
ing catalyst was ground, sieved, and 34.7 grams of 
the 60-80 mesh particles were collected and load- 
so ed into the reactor as described previously in Com- 
parative Example 1. A mixture of 9.5 mol% 1,1,1- 
trichloroethane, 39 mbl% hydrogen fluoride, 0.5 
mol% 0 2 and 51 mol% N 2 was fed into the reac- 
tor. Conversion of 1,1,1-trichloroethane was 100%. 
55 The product distribution was as follows: vinylidene 
fluoride, 2 mol%; vinylidene chloride, 79 mol%; 1- 
chloro-1-fluoroethylene, 14 mol%, 1,1,1- 
trifluoroethane, 2 mol%; other products, 3 mol%. 
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Example 3 



Comparative Example 3 was repeated, except 
that the reactor feed comprised the following mix- 
ture: 13 mol% 1,1,1-trichloroethane; 49 mol% HF; 3 
mol% 0 2 ; 11 mol% N 2 ; and 24 mol% 1,1,1- 
trifluoroethane. Conversion of 1,1,1-trichloroethane 
was 94 mol%. The net selectivity for vinylidene 
fluoride was 48% mol. The remaining product dis- 
tribution was as follows: 1,1,1 -trifluoroethane, 51 
mol%; and 1-chloro-1,1-difluoroethane, 1 mol%. 

From a comparison of Comparative Example 3 
with Example 3, it is observed that the total 
fluorination of 1,1,1-trichloroethane increased from 
8 mold to 79 moI% upon the addition of 1,1,1- 
trifluoroethane as a diluent. 

The present invention may be embodied in 
other specific forms without departing from the 
spirit or essentia! attributes thereof and, accord- 
ingly, reference should be made to the appended 
claims, rather than to the foregoing specification, as 
indicating the scope of the invention. 



Claims 

1. A process for producing vinylidene fluoride 
comprising: 

forming a vapor phase reaction mixture comprising 
hydrogen fluoride and at least one halohydrocarbon 
of the formula CH n CX m wherein n and m are 2 or 3 
and each X is independently selected from the 
group of fluorine, chlorine, bromine and iodine; 
adding 1 ,1 ,1 -trifluoroethane to the vapor phase re- 
action mixture as a diluent; 

reacting the hydrogen fluoride and halohydrocar- 
bon in a reaction zone in the presence of a het- 
erogeneous catalyst; and 

obtaining vinylidene fluoride as a reaction product. 

2. A process according to claim 1 wherein 
1,1 ,1 -trifluoroethane is produced as a reaction 
product, and at least a portion thereof is added 
back to the reaction mixture as a diluent. 

3. A process according to claim 1 wherein the 
halohydrocarbon is selected from the group of 
vinylidene chloride, 1,1,1-trichloroethane and mix- 
tures thereof. 

4. A process according to claim 1 wherein the 
reaction temperature in the reaction zone is from 
about 400° C to about 650° C. 

5. A process according to claim 4 wherein the 
reaction temperature in the reaction zone is from 
about 550° C to about 625° C. 

6. A process according to claim 1 wherein the 
halohydrocarbon and hydrogen fluoride are in con- 
tact in the reaction zone for a period of time from 
about 1 second to about 20 seconds. 



7. A process according to claim 6 wherein the 
halohydrocarbon and hydrogen fluoride are in con- 
tact in the reaction zone for a period of time from 
about 5 seconds to about 20 seconds. 

5 8. A process according to claim 1 wherein the 

vapor phase reaction mixture is formed by feeding 
hydrogen fluoride and the halohydrocarbon to the 
reaction zone in a molar feed ratio of from about 
0:1 to about 10:1. 

io 9. A process according to claim 8 wherein the 

molar feed ratio is from about 4:1 to about 1:1. 

10. A process according to claim 1 wherein the 
catalyst is selected from the group of AIF3, CrF 3 , 
FeFs, SbF 5 , NiF2, BF3, SnF* and combinations 

75 thereof. 

1 1 . A process according to claim 2 wherein the 
halohydrocarbon is selected from the group of 
vinylidene chloride and 1,1,1-trichloroethane, and 
combinations thereof. 

20 12. A process according to claim 11 wherein: 

the reaction temperature is from about 400° C to 
about 650* C; 

hydrogen fluoride and the halohydrocarbon are fed 
to the reaction zone in a molar feed ratio of from 

25 about 0:1 to about 10:1, and are in contact in the 
reaction zone for a period of time from about 1 
second to about 20 seconds; and 
the heterogeneous catalyst is selected from the 
group of AIF3, CrF 3 , FeF 3 , SbF b , NiF 2 , BR 3 , SnF* 

30 and combinations thereof. 

13. A process according to claim 12 wherein: 
the reaction temperature is from about 550° C to 
about 625 ' C; and 

hydrogen fluoride and the halohydrocarbon are fed 
35 to the reaction zone in a molar teed ratio of from 
about 4:1 to about 1:1, and are in contact in the 
reaction zone for a period of time from about 5 
seconds to about 20 seconds. 

1 4. A continuous process for the production of 
40 vinylidene fluoride comprising: 

continuously feeding to a reaction zone at least one 
halohydrocarbon of the formula CH n CX m wherein n 
and m are 2 or 3 and each X is independently 
selected from the group of fluorine, chlorine, bro- 
45 mine and iodine; 

continuously reacting the halohydrocarbon with hy- 
drogen fluoride in the vapor phase in the presence 
of a heterogeneous catalyst in the reaction zone; 
and 

50 continuously withdrawing from the reaction zone a 
product mixture comprising vinylidene fluoride and 
1,1,1 -trifluoroethane, and recycling at least a por- 
tion of the 1,1,1 -trifluoroethane to the reaction zone. 

15. A process according to claim 14 wherein 
55 vinylidene fluoride is distilled from the product mix- 
ture and at least a portion of the distillation bottom 
product is recycled to the reaction zone. 

16. A process according to claim 14 wherein 
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the halohydrocarbon is selected from the group of 
vinylidene chloride and 1 ,1 ,1 -trichloroethane, and 
combinations thereof. 

17. A process according to claim 14 wherein 

the temperature in the reaction zone is from about 5 
400 °C to about 650 ° C. 

18. A process according to claim 17 wherein 
the temperature in the reaction zone is from about 
550 *C to about 625 ° C. 

19. A process according to claim 14 wherein to 
the halohydrocarbon and hydrogen fluoride are in 
contact in the reaction zone for a period of time 
from about 1 second to about 20 seconds. 

20. A process according to claim 19 wherein 

the halohydrocarbon and hydrogen fluoride are in 75 
contact in the reaction zone for a period of time 
from about 5 seconds to about 20 seconds. 

21. A process according to claim 14 wherein 
the hydrogen fluoride and halohydrocarbon are 
continuously fed to the reaction zone in a molar 20 
feed ratio of from about 0:1 to about 10:1. 

22. A process according to claim 21 wherein 
the molar feed ratio is from about 4:1 to about 1:1. 

23. A process according to claim 14 wherein 

the catalyst is selected from the group of AIF 3 , 25 
CrF 3 , FeF 3l SbFs, NiF 2 , BF 3 , SnF*, and combina- 
tions thereof. 

24. A process according to claim 15 wherein: 
the reaction temperature is from about 400 °C to 
about 650* C; 30 
hydrogen fluoride and the halohydrocarbon are fed 

to the reaction zone in a molar feed ratio of from 
about 0:1 to about 10:1, and are in contact in the 
reaction zone for a period of time from about 1 
second to about 20 seconds; and 35 
the heterogeneous catalyst is selected from the 
group of AIF3, CrF 3 , FeF 3 , SbF 5 , NiF 2 . BF 3 , SnF* 
and combinations thereof. 

25. A process according to claim 24 wherein: 

the reaction temperature is from about 550 °C to ao 
about 625 * C; and 

hydrogen fluoride and the halohydrocarbon are fed 
to the reaction zone in a molar feed ratio of from 
about 4:1 to about 1:1, and are in contact in the 
reaction zone for a period of time from about 5 45 
seconds to about 20 seconds. 
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